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(54) SEMICONDUCTOR LIGHT EMITTING DEVICE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the decline in the light 
emission efficiency by forming a light emitting region generated by 
current injection which is one of active layers, in other region than a 
region right above a growth suppressing structure. 
SOLUTION: On a sapphire substrate 100, selectively grown masks 
150, 151 are so formed as to cross at right angles each other. After 
that, an n-GaN continuous film semiconductor layer 102 is grown. 
Then, a mesa stripe 1 10 is formed nearly parallelly with the 
selectively grown mask 150 in other region than a region 152 right 
above the selectively grown mask 150. Nextly, a p-type electrode 
111 of a stripe geometry is formed on an upper face of the nesa 
stripe 1 1 0 and then a backside of a wafer is polished to expose the 
n-GaN continuous film semiconductor layer 102 and an n-type 
electrode 1 12 is formed on the entire surface of the n-GaN 
continuous film semiconductor layer 102. After that, at a position 
away from the selectively grown mask 151, a mirror surface which 
constitutes a laser resonator is formed by cleaving. By specifying 
the shape of the selectively grown masks, the relative position of 
the mesa stripe 110, and the relative position of the laser resonator 
mirror for cleaving, the decline in the light emission efficiency can 
be prevented. 
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[0025] (Embodiment 2) Next, an example in which the present invention is applied to a light 
emitting diode will be described. Figure 4 illustrates the structure of a device according to 
the second embodiment. The device is formed of an n-GaN continuous film semiconductor 
layer 401, an n-GaN buffer layer 402, an In 0 .,Gao. 9 N distortion relaxation layer 403, an 
Ino.5Gao.5N single quantum well active layer 404, a p-Alo. 2 Ga 0 . 8 N evaporation prevention 
layer 405, and a p-GaN contact layer 406, and an n-type electrode 407, and a p-type electrode 
408. Further, in the device according to the present embodiment, the light emitting region is 
defined by a mesa 410. 

[0026] Then, a manufacturing method of the present light emitting device will be described. 
First, trench structures 450 each having a width of 40 urn and a depth of 50 um are formed 
into a superlattice structure with pitches of 400 um on the surface of a sapphire substrate 400 
by dicing. The process cross-sectional view of the semiconductor device thus formed is 
illustrated in Figure 5(a). 

[0027] The n-GaN continuous film semiconductor layer 401 is grown to 300 um by an HVPE 
method. Although the n-GaN continuous film semiconductor layer 401 cannot be grown as 
a flat surface in the initial stage of growth due to the presence of the trench structure 450 
formed in the sapphire substrate 400, the layer 401 grows from the walls on the right and left 
sides as the layer 401 grows thicker, to gradually bury the trench structure 450, so that the 
trench in the surface becomes flat. In other words, the same effects can be obtained as in a 
case where growing at the trench 450 is effectively slow, and the n-GaN continuous layer 
401 can be formed into a single layer having a flat continuous surface when the layer is 
grown to 300 um. 

[0028] Subsequently, the n-GaN buffer layer 402, the Ino. 2 Gao. 8 N distortion relaxation layer 
403, the Ino.45Gao.55N single quantum well active layer 404, and the p-Al 0 .iGa 0 . 9 N 
evaporation prevention layer 405, and the p-GaN contact layer 406 are grown to 0.4 um, 0.05 
um, 4 nm, 0. 1 um, and 0.4 um, respectively, on the n-GaN continuous film semiconductor 
layer 40 1 by a molecular beam epitaxy method (MBE method). The process cross-sectional 
view of the semiconductor device thus formed is illustrated in Figure 5(b). 
[0029] Moreover, the mesa 410 with an angle of 300 um including the Ino.45Gao.55N single 
quantum well active layer 404 is made to periodically remain, using an ordinary lithography 
technique and a dry etching technique, and the region around the mesa 410 is etched in width 
of 100 um so that the n-GaN continuous semiconductor layer 401 is exposed to the etched 



bottom surface. In other words, the etched region is formed into the shape of a lattice with 
pitches of 400 urn, whereby a region 451 on the trench structure 450, and the Ino.45Gao.55N 
single quantum well active layer 404 included in the periphery thereof, which include a 
number of defects and grown by a MBE method, are completely removed. In the present 
embodiment, the trench structure 450 is a growth inhibiting structure. The process 
cross-sectional view of the semiconductor device thus formed is illustrated in Figure 5(c). 
[0030] Further, after the back surface of the wafer is polished so that the sapphire substrate 
400 is completely removed and the n-GaN continuous film semiconductor layer 401 is 
exposed to the back surface of the wafer, an n-type electrode 407 is formed on the n-GaN 
continuous film semiconductor layer 401 and an optically transparent p-type electrode 408 is 
formed on the surface of the mesa 410. Finally, the region 451 immediately on the trench 
structure 450 is scribed to obtain individual light emitting diode chips. The process 
cross-sectional view of the semiconductor device thus formed is illustrated in Figure 4. 
[0031] As a result of measuring the efficiency of converting electrons into photons in the 
light emitting diode thus formed, the yield of a device with a conversion efficiency of not 
smaller than 5 %, which is considered to be practically satisfactory, is as high as 85 %. 
Moreover, as a result of testing the reliability of the device according to the present 
embodiment under the same conditions as those for the conventional device, 95% - 103% of 
the emission intensity at start of the test is obtained after 1000 hours have passed since the 
test, which means that a practically satisfactory reliability is ensured. 

[0032] The light emitting region of the light emitting device according to the present 
embodiment corresponds to the mesa 410 with the remaining Ino.45Gao.55N single quantum 
well active layer 404. Since the mesa 410 is formed in the area other than the region 451 
immediately on the trench structure 450 used as a growth inhibiting structure at growth of the 
n-GaN continuous film semiconductor layer 401, the region 451 immediately on the trench 
structure 450 is not included in the light emitting region in each of all the light emitting 
devices manufactured. Further, the width of the Ino.45Gao.55N single quantum well active 
layer 404 which is removed by etching is 100 um, so the light emitting region of the mesa 
410 is formed 30 um apart from the edge of the trench structure 450 with a width of 40 um. 
The reason why a device with a high luminous efficiency and a high yield is obtained and a 
satisfactory reliability is ensured as described above is that crystal defects which are 
intensively generated in the region 45 1 immediately on the trench structure 450 due to the 
crystal growth process using an HVPE method and an MOCVD method do not adversely 
affect light emission of the Ino.45Gao.55N single quantum well active layer 404 and that it 
becomes possible to arrange a light emitting region as intended in a part with a relatively 
2 



small number of crystal defects. 

[0033] Moreover, light emitting devices with substantially the same structure as that of the 
above device are experimentally manufactured in substantially the same manufacturing 
process as that of the above device, expect that only the pitch of the trench structure 450 is 
changed from 400 urn to 500 um and to 300 um. The size and pitch of the mesa 410 are 
300 jim and 400 um as in the above embodiment. As a result of measuring the emission 
characteristics of these light emitting devices, a luminous efficiency is not smaller than 5% 
and a yield is extremely reduced to 16% in the device in which the pitch of the trench 450 is 
300 um, while a yield is 38% in the device in which the pitch of the trench 450 is 500 um. 
This result indicates that it is important that the pitch of the trench structure 450 is equal to 
that of the mesa 410 forming individual light emitting diodes. In view of this, in order to 
manufacture as many light emitting devise as possible from a wafer with a fixed area, the 
region 45 1 immediately above the trench structure 450 is not included in the light emitting 
region in each of all the light emitting devices. In this sense, obviously, the pitch of the 
trench structure 450 may be an integral multiple of that of the mesa 410. 
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